Abstract: Soil microarthropods exposed to the pesticides mancozeb (240 mg per 1 m 2 ) or difl ubenzuron (7.2 mg of difl ubenzuron per 1 m 2 ) were studied for 6 months after a single application. The observed taxa included Collembola, Insecta, Myriapoda, and 4 groups of mites: Actinedida (=Prostigmata), Gamasina, Uropodina, and Oribatida. Their abundance in soil was subject to seasonal fl uctuations, but for a majority of taxa no signifi cant differences were noticed between the control and exposed plots. The total number of microarthropods was insignifi cantly lower in exposed groups. Myriapods were the only taxon that was close to extinction after a single exposure to difl ubenzuron. These data prove that soil has some buffering capacity, and this fact should always be taken into consideration when estimating the risk for the environment. However, the situation may change if the application of pesticides is repeated.
INTRODUCTION
For various species, which contribute to circulation of matter, the soil is the actual habitat, where they meet their needs. Soil mesofauna is represented (among others) by mites (Acari), springtails (Collembola), and small insects (mainly larvae of Diptera and Coleoptera), which play very important roles in the process of litter decomposition and humus formation. Decline in their abundance extends this process in time. In consequence, the circulation of matter is impaired. A long-term decline in biological activity of the soil leads to a decrease in its fertility and increases the threat of soil erosion (Addison et al. 2003) . Xenobiotics, e.g. pesticides, are an additional threat to soil fauna. Complex effects of pesticides on animals and plants are still not fully known. Pesticides are frequently sprayed above forests, mostly to kill the pests of trees. Although the majority of these xenobiotics settle down on the forest canopy, some of the sprayed chemicals reach the soil and affect the animals inhabiting it. Since pesticides are not 100% specific, they cause lethal and sublethal effects within non-target species (AdAmski & Ziemnicki 2004 , AdAmski et al. 2007 ) and their lethality may show stage-dependence (chArmillot et al. 2001 ) and cross-resistance (reuveny & cohen 2004) . Therefore, we decided to look more closely at the longterm toxicity of pesticides to soil fauna.
In a previous paper we reported the effect of the dithiocarbamate fungicide mancozeb on wood dust fauna (AdAmski et al. 2007) . We showed that the majority of species reveal some susceptibility to the pesticide (i.e. show acute toxicity) in doses used in forestry. However, these laboratory experiments could not show the full complexity of the effect of mancozeb on various taxa. One must be aware of the possible effect of climate changes, uneven distribution of the toxic chemicals down the soil, etc. Moreover, the diversity of pesticides and the diversity of microarthropods are both very high. Data showing field effects of pesticides on soil fauna are rather scanty (Joy & chAkrAvorty 1991 ,chAkrAvorty et al. 1995 , vig et al. 2006 , Perry et al. 1997 ) and we still do not know a lot about the effects exerted by these xenobiotics on ecosystems. Therefore, there is a need for further studies examining the effects of pesticides on various levels of organization of soil fauna. Even if the toxic effects are exerted over a single species, they can cause a "domino effect" within the higher levels of the trophic pyramid, disturb the balance in the soil food web, and in consequence, affect the whole forest ecosystems, including the resistant species. Additionally, persistence of pesticides and their metabolites may significantly influence their long-term toxicity. Therefore, we decided to carry out a field experiment to check the effects of two pesticides -mancozeb and diflubenzuron -on soil microarthropods. Since soil fauna is not a target for these 2 chemicals, we could observe unintentional effects, which could not be observed if the soil fauna were to be a target, as the applied doses would then kill the animals. In our experiment, we used the pesticide concentrations that did not cause lethal effects. Hence, we could observe long-term effects of mancozeb and diflubenzuron on the microarthropod soil fauna. The following research questions were addressed: (1) Do the used pesticides influence soil fauna, and if yes, to what extent and in what time-scale? (2) Does the harmfulness differ among various taxa? (3) What are the possible effects of pesticide toxicity to the food web?
MATERIAL AND METHODS

Pesticides
Diflubenzuron [1-(4-chlorophenyl)-3-(2,6-difluorobenzoyl)urea] is classified as a slightly toxic pesticide (toxicity class III, EXTOXNET 2006), used to control insects on forest trees or shrubs (gypsy moths, forest tent caterpillars, evergreen eating moths, boll weevils). Its major metabolites are 4-chloroaniline and 4-chlorophenylurea. Diflubenzuron inhibits the production of chitin. The rate of its degradation in soil (its half-life) varies from 3 to 102 days. Under field conditions, diflubenzuron has a very low mobility (dost et al. 1985 (dost et al. , WAuchoPe et al. 1992 ).
Mancozeb [manganese ethylenebis(dithiocarbamate)(polymeric)complex with zinc salt] is an ethylene bisdithiocarbamate. In soil, mancozeb is metabolized to ethylene thiourea (ETU), ethylene urea (EU), and ethylene bisisothiocyanate sulfide (EBIS). The data concerning persistence of these substances in soil are not consistent and the reported values vary from one to 165 days (WAuchoPe et al. 1992 , hAnumAnthArAJu & AWAsthi 2004 . Mancozeb, but not ETU, is unlikely to infiltrate groundwater (meister 1992).
Experimental plots and methods
The plots were located within a small planted pine stand in the vicinity of the Adam Mickiewicz University campus on Morasko (Pozna, Poland). We selected 30 experimental plots, 1 m 2 each. They were spaced at least 2 m apart. The plots were divided into 3 groups -the first 10 plots were exposed to mancozeb, the next 10 were exposed to diflubenzuron, and the last 10 were the control, i.e. not exposed to either of the 2 chemicals. Next, the pesticides were sprayed over the plots. Commercial pesticides were used: Dithane (Dow AgroSciences, a wettable powder with 80% of mancozeb within the formula) and Dimilin 480 SC (Crompton Manufacturing Company, a suspension concentrate with 480 g of diflubenzuron within 1 dm 3 of the formula). The applied concentrations were: 240 mg of mancozeb and 7.2 mg of diflubenzuron per 1 m 2 . Random soil samples were collected from late June (hot, dry summer until a relatively warm January: i.e. just before spraying on 26 June 2006, and next 1, 4, 7, 14, 28, 60, and 196 days after spraying (i.e. the last samples were collected on 8 January 2007).
Each soil sample was about 300 cm 3 , i.e. about 9 cm deep, from an area of 33 cm 2 . (Thus to calculate the number of individuals per 1 m 2 , the mean value per sample must be multiplied by 303) One sample from a part of each plot was taken. Live animals were extracted from each sample for 3 days, using a Tullgren funnel. The animals were preserved in 75% ethanol, genera were determined, and the number of individuals representing each genus was noted and also expressed as percentage of the control number. Then, genera were grouped in higher taxa: Actinedida (prostigmatid mites), Gamasina (predatory mites), Uropodina (saprophagous mites), Oribatida, Collembola (springtails), Insecta (only Pterygota, mainly larvae of Diptera and Coleoptera), and Myriapoda. The significance of differences in their abundance between the control and pesticide-exposed plots was calculated using the Student t test, and P <0.05 was regarded as significant.
RESULTS
The analysed taxa included mites (46 families), insects (12 orders and myriapods (3 classes), and were sorted into the abovementioned groups (Table 1 ). The total number of collected animals was the lowest for diflubenzuron-treated samples, and the highest for control samples. Abundance of the tested groups was the highest on control plots for gamasine mites, springtails and myriapods, on mancozeb-treated plots for oribatid mites, and on diflubenzuron-treated plots for actinedid mites and insects (Table 1) . However, we did not observe any significant differences in their abundance between pesticide-exposed and control samples.
• Actinedid and oribatid mites, and springtails did not show any clear, statistically significant trends in response to pesticide application (Figs. 1, 4 , 5). However, some fine alterations and trends could be noticed within the tested groups: • Actinedida and Uropodina showed sinusoid fluctuations of the mean number of individuals within control groups (Figs. 1, 3 ).
• The abundance of Gamasina (Fig. 2) exposed to diflubenzuron was more stable than that of Actinedida, Uropodina and Oribatida (Figs. 1, 3, 4 ).
• Gamasina, Uropodina and Myriapoda showed more than 15% decrease in the total number of individuals on pesticide-exposed plots, as compared to controls (Gamasina: ca. 27% and 40%; Uropodina: 43% and 57%, Myriapoda 43% and 73% for mancozeb and diflubenzuron, respectively). Springtails showed a considerable decrease for diflubenzuron only (ca. 19%).
• As the time passed, populations of insects exposed to pesticides did not show any clear decrease, when compared to the control groups (Fig. 6 ).
• Myriapods exposed to diflubenzuron were close to extinction. As time passed, their fluctuations were smaller, and finally we did not find any myriapods in many samples. 
DISCUSSION
Previously, we reported that the majority of taxa of microarthropods found in wood dust show some tolerance to short-term exposure to mancozeb (AdAmski et al. 2007) . Data presented in the present paper can lead to the conclusion that a single pesticide spraying does not necessarily lead to massive mortality of invertebrates. The effects were even weaker than those observed in the abovementioned laboratory experiment. Perhaps, this can be explained by more intensive degradation of the active substance in soil than in the laboratory. Not only processes of biodegradation, but also weather conditions and soil persistence influence long-term toxicity of pesticides in the field, whereas laboratory conditions were stable. Since the summer of 2006 was very hot and dry in Pozna, the pesticides could not diffuse or migrate deeper when the experiment was carried out. Therefore, the soil habitat showed its buffering abilities. Similar results were obtained by Perry et al. (1997) in their 36-month-long field experiment: the majority of the exposed taxonomic groups did not show lethal effects. One of the reported exceptions -Araneae -was not considered by us; we had not enough data to estimate the effect of mancozeb and diflubenzuron on these arthropods. Perry et al. (1997) reported a lower density of observed Collembola (i.e. lower number of individuals). Similar results were also observed ) on control and pesticideexposed plots. Data are means ± SD by other authors, who reported the susceptibility of springtails to several pesticides (Joy et al. 2005 (Joy et al. , vig et al. 2006 , and by our group, where more than 50% of these arthropods would theoretically die if the fungicide was sprayed over their habitats (AdAmski et al. 2007) . In the present study we did not observe any significant decrease in the abundance of springtails during short-term and long-term exposure (Fig.  5) . Therefore, risk assessment for this group must be strongly influenced by the type of soil and its characteristics.
Although not statistically significant, the decrease in the abundance of gamasine mites indicates the threat of pesticide spraying for soil fauna. The pattern of population development was similar to that observed on the control plots, but the total number of individuals decreased. As representatives of higher trophic levels, these predatory species can easily accumulate toxic chemicals, which is manifested in a decreased number of individuals.
Previously we reported that none of the tested wood-inhabiting actinedid families was fully susceptible to mancozeb, but that there was a high correlation between the concentration of the used pesticide and mortality (AdAmski et al. 2007) . In the present work we did not observe any significant change in the abundance of these mites in soil. Perhaps the effect depends strongly on the represented species, their individual susceptibility, and then abundance, as well as on climatic conditions.
Observed differences in the effects of tested chemicals on various groups of soil fauna can be caused by numerous factors, e.g. animal size, metabolic processes, sclerotization of the cuticle, different niche, and localization within soil. The most endangered are the species that are found at the top of the humus. Therefore, relatively highly-sclerotized oribatid mites (as compared to other mites, e.g. Prostigmata), are relatively safe. Our results show that occasional spreading of pesticides does not affect significantly the soil fauna. However, frequent exposure can cause even a several-fold decrease in the abundance of oribatid mites (krivoluckiJ 1976) . Therefore, repeated exposure may similarly affect springtails and weakly sclerotized actinedid mites, too. They are abundant within the top layer of soil and humus. Moreover, pesticides may lower animal fecundity (AdAmski & Ziemnicki 2004 , AdAmski et al. 2009 ), which was not checked in this work. Additionally, the natural controls (parasitoids, predators) may be weakened and so not affect harmful species with the intensity observed within control populations (li et al. 2006 , BABul hossAin & Poehling 2006 . All the abovementioned phenomena may influence populations after a longer time.
The presented data emphasize the protective role of soil as a dynamic environment, where the processes of degradation of xenobiotics are relatively fast (sundArAm 1991, hAnumAnthArAJu & AWAsthi 2004), involving both physical degradation and biodegradation.
To sum up, we did not notice any short-or long-term significant decrease in abundance of soil microarthropod fauna, in response to exposure to the used pesticides. However, in some cases, the final decrease could be easily noticed (Gamasina, Uropodina Myriapoda, and to some extent Collembola). One must remember that ecotoxicologists often rely on values like no observable effect concentration (NOEC) and last observable effect concentrations (LOEC), which indicate very fine disturbances in trophic level, because even such insignificant changes may lead to serious perturbations within food webs. Therefore, side effects of xenobiotics on soil fauna should be carefully studied. The results encourage us to undertake further studies.
